Abstract. Several studies have investigated whether the ccr2-Val64ile polymorphism affects susceptibility to human immune deficiency virus type-1 (HIV-1), with inconclusive results. Here, we performed a meta-analysis of the literature aiming to clarify the relationship between the polymorphism of CCR2-Val64Ile and the risk of HIV-1 infection. Twelve studies with a total of 6,599 patients, including infants, were selected for inclusion in the analysis. Crude odds ratios (ORs) with 95% confidence intervals (CIs) were assessed after the collected data were pooled for analysis. The risk estimates (OR) of HIV-1 infection were calculated in a homozygote comparison (OR=1.10, 95% CI 0.79-1.53), a heterozygote comparison (OR=0.98, 95% CI 0.70-1.37), a dominant model (OR=1.06, 95% CI 0.77-1.47) and a recessive model (OR=0.98, 95% CI 0.77-1.27, by random effects model) from among the total population. Taking into account the effect of sample size, ethnicity and control population, further stratified analyses were performed. The results showed no statistically significant difference in any genetic model, with the exception of the subanalysis of mixed ethnicity (OR=0.33, 95% CI 0.11-0.98) using heterozygote comparison. The meta-analysis clarified that the ccr2-Val64ile polymorphism has no effect on susceptibility to HIV-1 infection in the total population.
Introduction
nearly 40 million people have been infected by human immune deficiency virus type-1 (HIV-1) worldwide (http://data.unaids. org/pub/Report/2007/JC1299-PolicyBrief-GIPA_en.pdf). Almost 27 million people have died of acquired immunodeficiency syndrome (AIDS) caused by HIV-1 infection; an estimated 2 million people every year. HIV prevalence (http:// www.who.int/features/factfiles/hiv/facts/en/index3.html) can therefore be considered the greatest social, economic and health crisis of modern times (1) .
Previous studies have reported that the polymorphisms of certain chemokines and chemokine receptors, including stromal cell derived factor-1, ranTeS, chemokine receptor-2 (CCR2) and chemokine receptor-5, play important roles in HIV-1 pathogenesis and transmission (2) (3) (4) (5) (6) (7) (8) . Among them, CCR2, which is located at band p21 of chromosome 3 and contains three exons distributed over 7 kb of the genomic sequence (9) , has been shown to be an additional co-receptor during cellular infection of several HIV-1 strains (10) .
The common polymorphism of CCR2 is a G→a nucleotide transition at position 190 (counting from the ATG start codon), which results in the translocation of valine to isoleucine at position 64 of the CCR2 protein (11) . Previously, CCR2-V64i has been reported to be associated with delayed disease progression to aidS. Patients with this V64i polymorphism developed full-blown aidS approximately 2-4 years later than homozygous individuals carrying the wild-type allele (11) (12) (13) (14) (15) . To date, some studies have suggested that CCR2-V64I is associated with a reduced risk of acquiring HIV-1 infection (16) (17) (18) (19) (20) (21) , while others suggest the opposite (22) (23) (24) (25) (26) (27) (28) (29) .
To elucidate the role of the ccr2-V64i polymorphism in HIV-1 infection, we performed a meta-analysis of all eligible related studies to obtain a decisive resolution, which may aid in understanding the level of risk of HIV-1 infection.
Materials and methods
Search strategy. articles dated up to april 2010 were recovered from the EMBASE and MEDLINE databases via the PubMed search engine using the key words 'ccr2', 'polymorphism' and 'HIV' in various combinations. The references of the retrieved articles were perused to identify additional related studies. The search was limited to articles published in english.
Selection criteria. The following selection criteria were used to determine which studies were eligible: i) studies about the CCR2-V64I polymorphism and the risk of HIV-1 infection; ii) studies defined as case-control studies; iii) studies containing enough data; iv) studies in which genotype frequency data were available for both cases and controls.
Association between the CCR2-Val64Ile polymorphism and susceptibility to HIV-1 infection: a meta-analysis
Data extraction. The following information was extracted from the eligible studies: first author, year of publication, country of study population, ethnicity, sample size, number of HIV-1-exposed, but uninfected, individuals, and distribution of ccr2 genotypes in cases and controls. (30) , and was considered significant if the P-value was <0.10. in such cases, the ors were pooled according to the random-effects model (the DerSimonian and Laird model) (31) ; otherwise the fixed-effects model (the Mantel and Haenszel model) was used (32) . Sensitivity analyses were conducted to evaluate the stability of the results. analysis of publication bias was conducted with the funnel plot and egger's linear regression asymmetry test, with a P-value of <0.05 taken to indicate a statistically significant publication bias. All statistical tests were conducted with STATA version 10.0 (Stata Corporation, College Station, TX, uSA).
Results
Through a search of literature, 298 relevant articles were identified, 12 of which were determined to be eligible for further analysis (Fig. 1) . The 12 studies included five populations of asian descent, four mixed populations including participants of European, African or Asian descent and/or other ethnicities, two studies involving african subjects, and one including individuals of caucasian descent. The total number of individuals analyzed was 6,599 (3,860 HIV-infected patients and 2,739 healthy controls). Six studies involved a total of 1,204 HIV-1-exposed, but uninfected, individuals. One study was performed on infants. The 12 eligible studies are summarized in Table i .
The distribution of the ccr2-V64i genotype among the study subjects is shown in Table ii . notably, some studies had found a relatively high frequency of the CCR2-V64I allele, ranging from 0.166 to 0.279 (21, 25, 26) .
after pooling the data from the 12 studies for meta-analysis, the results were calculated in a homozygote comparison (OR=1.10, 95% CI 0.79-1.53, P=0.908 for heterogeneity) ( Fig. 2A) , a heterozygote comparison (OR=0.98, 95% CI 0.70-1.37, P=0.637 for heterogeneity) (Fig. 2B ), a dominant model (OR=1.06, 95% CI 0.77-1.47, P=0.915 for heterogeneity) (Fig. 2C ) and a recessive model (OR=0.98, 95% CI 0.77-1.27, P=0.000 for heterogeneity, by random effects model) (Fig. 2D) .
Stratified analysis was further performed to adjust for the effect of heterogeneity and to illustrate the exact relationship between the ccr2-V64i polymorphism and susceptibility to HIV-1 infection. The studies were divided into three subgroups according to control population: one subgroup of high-risk controls including 1,204 exposed, but uninfected, individuals and 3,017 HIV-1-infected patients; one subgroup of unexposed controls, including 2,754 unexposed individuals and 1,164 HIV-1-infected patients; and a final subgroup comprising patients from only one study (26) , defined as a mother-to-child transmission subgroup. No evidence of a significant association between the ccr2-V64i polymorphism and susceptibility to HIV-1 infection was found in any genetic model among these subgroups (Table III) . The studies were also stratified into two subgroups according to sample size: one comprising studies with more than 300 subjects; the other, studies with fewer than 300 subjects. In these subgroups, no apparant evidence of a significant association between the variant CCR2-V-64I genotype and the risk of HIV-1 infection was found (Table  III) . The studies were finally divided into four subgroups according to ethnicity. after pooling the data, no evidence of an association between the ccr2-V64i polymorphism and susceptibility to HIV-1 infection was found among Asian, african or caucasian populations in any genetic model. in the mixed populations subgroup, a significantly decreased risk of HIV-1 was found in the heterozygote comparison (OR=0.33, 95% CI 0.11-0.98, P=0.352 for heterogeneity). However, no similar result was found in the homozygote comparison, the dominant model or the recessive model (Table III) .
Sensitivity analysis was performed for various comparisons in the total population and all the subgroups. When one study (21) was excluded, the results became statistically significant (OR=0.61, 95% CI 0.41-0.91, P=0.196 for heterogeneity) in a recessive model among the subgroup of fewer than 300 subjects. However, the result for the recessive model in the mixed population remained insignificant (data not shown), and when another study (28) was excluded, the results in the recessive model among the caucasian population were also not statistically significant (data not shown). In other subgroups, sensitivity analysis revealed no significant results (data not shown).
Publication bias was assessed by Begg's funnel plot and Egger's test (data not shown) in the total population and all the subgroups. Egger's linear regression test suggested a significant publication bias in the dominant model (II vs. VV + VI) for total population (t=-2.73, P=0.026), but no evidence of publication bias in any other genetic model for the total population or subgroups (data not shown).
Discussion
in order to elucidate the association between the ccr2-V64i polymorphism and susceptibility to HIV-1 infection, we performed a meta-analysis of data from 12 eligible studies including a total of 3,860 HIV-infected patients and 2,739 controls. The results indicate that the ccr2-V64i polymorphism has no effect on the risk of HIV-1 infection among worldwide populations in any genetic model, consistent with the results of certain earlier studies (22-29). Taking into account the effect of ethnicity, sample size and control population, stratified analyses were performed. The results obtained for the various subgroups did not point to an association between the CCR2-V64I polymorphism and HIV-1 infection, with one exception: populations of mixed ethnicity. among populations of mixed ethnicity, the ccr2-64ii genotype was associated with a reduced risk of HIV-1 infection as compared to the ccr2-64Vi genotype. This suggests that the association between the ccr2-V64i polymorphism and susceptibility to HIV-1 infection varies between ethnic populations. One study reported a higher frequency of ccr2-V64i genotypes in chinese individuals relative to Caucasians (19) . Other studies showed a higher frequency of the ccr2-V64i genotype among african populations relative to populations of European descent (5, 11) . Nevertheless, no significant association was found between the CCR2-V64I polymorphism and susceptibility to HIV-1 infection in analyses of the total population. However, among the mixed ethnic population, there were relatively few people recruited to each investigation. in conclusion, the protective effect of CCR2-V64I on HIV-1 infection that we observed may have been due to different ethnic backgrounds and small sample size. We conclude that further large-scale analysis is required.
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
The entry of HIV into the CD4 lymphocyte is dependant on the binding of necessary co-receptors (4). Certain chemokine receptors have been demonstrated to play critical roles in HIV-1 infection (3). Some polymorphisms or mutations may have effects on the ability of the virus to infect cells, influencing HIV-1 infectivity (29) . CCR2, which acts as a co-receptor mediating infection of some strains of HIV-1, has been found to modulate the susceptibility to HIV-1 of individuals carrying a mutation at position 64 (11) . However, our present analysis found that the ccr2-V64i polymorphism has no effect on susceptibility to HIV-1 infection. According to several studies, the CCR2-64I protein preferentially dimerizes with CXCR4 polypeptides to affect HIV-1 entry and delay disease progression to AIDS (11) (12) (13) (14) . It is possible that the ccr2-V64i polymorphism is more closely associated with slower progression to AIDS than with susceptibility to HIV-1 infection. 
A B C D
although meta-analysis is a powerful statistical method, it has certain limitations. in the present study, a publication bias existed in a dominant model among the total population. Therefore, more studies with larger sample sizes are required. additionally, sensitivity was detected in a recessive model among some subgroups.
in conclusion, our results suggest that the ccr2-V64i polymorphism has no effect on reducing the risk of HIV-1 infection. Since the distribution of genotypes varies according to race and ethnicity, studies on more subjects recruited from specific regions worldwide are required. --------------------------------------------------------------------------------------------------------------- 
